Background This study examines demographic risk factors and trends from 1998 to 2009 for concurrent multiple substance use in adolescence in England.
Introduction
Adolescence is a period of increased risk behaviour across many domains. Initiation of tobacco, alcohol and illicit drug use occurs almost entirely during adolescence within the high income world 1 -3 and early initiation is linked with addiction and abuse in adulthood. 4 -6 The social and economic costs attributable to adolescent substance use have made it a key issue in national health policy both in the UK and elsewhere. 7 Recent trends in the UK have been towards reductions in the prevalence of adolescent substance use over the last 15 years. 8, 9 However, there is evidence that adolescents are using these substances in an increasingly risky way. For example, though regular drinking is decreasing, the average weekly amount consumed by drinkers has increased since 1990. 8 For illicit drugs, decreases in use appear largely due to trends in marijuana use, whereas Class A drugs have seen an increase in adolescent and young adult use since 1996.
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Concurrent use of multiple substances is a pattern of risky behavior that has been little studied amongst adolescents outside the USA. There is strong evidence of associations between tobacco use, drinking and illicit drug use. 11, 12 These associations have been explained based on the identification of common risk factors for all types of substance use 13, 14 as well as gateway effects which posit that substance use leads to increased interest, reduced perceived dangers and opportunities for use of other substances. 15 There is evidence that beyond the cumulative effects of each individual substance use, multiple substance risk confers additional risks for poorer outcomes both in adolescence and in later life including for addiction and substance abuse, 16 subsequent sexual risk-taking, 17 convictions, unskilled employment and fewer academic qualifications. 18 Trends in the prevalence and patterns of multiple substance use have been little studied in the UK. Similarly, we know relatively little about the factors which protect against or increase risk for concurrent multiple use. To redress this gap in knowledge, we studied trends in multiple substance use in England using national survey data.
Methods
We used data from the Smoking, Drinking and Drug Use among Young People in England survey, funded by the NHS Information Centre and conducted by the National Centre for Social Research. Annual data regarding smoking and alcohol and illicit drug use were collected from 1998 among a nationally representative, cross-sectional sample of 11-15 year olds. Detailed methodology for the surveys has been previously published for each of the survey years. (For all survey years, methodology including survey design, sampling strategy, complete questionnaire and field work instructions are available in the appendices of the annual reports. See http://www.ic.nhs. uk/statistics-and-data-collections/health-and-lifestyles-relatedsurveys/smoking-drinking-and-drug-use-among-young-peoplein-england). Data are available on public access and were downloaded from the UK Data Archive on 2 September 2011 (http://www.data-archive.ac.uk).
Measures
All substance use measures are self-report. Measures of drug use frequency were not included in 2000 and 2002 or weekly alcohol units in 1999. Regular smoking was defined as an average of at least one cigarette a week. Regular illicit drug use was defined as consuming any drugs on average at least once a month. For drinking behavior, our chosen outcome measure is defined as either heavy regular drinking (at least one drink once a week on average) or binge drinking (defined as seven or more units in the previous week, the median from the 2009 survey). These represent somewhat separate risk behaviours predicting divergent adult and adolescent health outcomes. 19 The way that alcohol units were calculated changed in 2007. Estimates of units consumed were available using both systems in 2007, and the new measurement system resulted in a unit measure that was 1.37 times higher than the previous system. Therefore, estimates from before 2007 were corrected by multiplying by 1.37.
We derived variables indicative of concurrent multiple substance use using the binary variables of regular smoking, regular illicit drug use and risky alcohol use. This resulted in five categories of concurrent substance use: smoking and drinking; smoking and drug use; drinking and drug use; use of any two substances and using all three substances concurrently. Demographic data available in the surveys were limited to gender, age, ethnicity and individual eligibility for free school meals, a well-accepted proxy for deprivation. 20 
Analyses
Prevalences of individual ['individual' risk behaviour use refers to involvement in a given risk behaviours without regard to involvement in other risk behaviours (i.e. involvement in an individual risk behaviour may or may not co-occur with other risk behaviours)] and multiple substance use were calculated separately by gender and by age group (11-13 years old and 14 -15 years old). As prevalences of all substance use were very low in 11-13 year olds in all years, all further analyses were undertaken only on 14 -15 year olds and results for 11 -13 year olds are not shown. The association between each individual substance use behaviour across all years was assessed using chi-square analyses conducted separately by gender. We also assessed differences in weekly alcohol consumption of multiple substance users compared with those who were risky drinkers only to examine whether multiple substance users tended to use alcohol in a riskier way than those who only drink.
To assess demographic differences and trends for each individual and multiple substance use behaviour, a series of logistic regressions were conducted using a sample of 14-15 year olds combined across all available surveys from 1998 to 2009. In each case, predictor variables were, in block one, year of survey, gender, ethnicity (grouped into white, which served as the reference group, Asian, black, mixed ethnicity and 'other' ethnicities), and free school meal eligibility. In block two, interactions between year and each of ethnicity, gender and free school meal status were entered to assess demographic differences in trends over time. In all cases, missing data were handled by using listwise deletion because the large sample size made the loss of some data acceptable and because listwise deletion is robust to data not being missing at random. 21 Results Table 1 shows demographic characteristics of participants across the survey years. The mean sample per year was 3634 with a total sample of 43 607. The split between genders was near equal in all survey years. Across all years the sample was predominantly white (85.6%). Across all survey years an average of 13.0% of respondents were eligible for free school meals.
Associations between substance use
Across all survey years involvement in one substance was strongly associated with others. For both genders risky drinking was significantly associated with both illicit drug use [males: Multiple substance use is also associated with increased alcohol consumption for both genders. Across all years, males who were multiple substance users drank an average of nine more units in the previous week compared with those who were only risky drinkers (but did not smoke or use drugs), t(3135) ¼ 219.12, P , 0.001. For females, a significant effect was also found, with multiple substance users drinking an average of seven more units in the previous week than those who only drank, t(4350) ¼ 219.05, P , 0.001.
Prevalence and overall trends for substance use
The prevalence for individual and multiple substance use in all survey years by gender are shown in Table 2 . Smoking, risky drinking and illicit drug use peaked in the late 1990s or early 2000 s and declined steadily thereafter for both genders. These trends are mirrored in multiple substance use. Significant downward linear trends were found for all forms of individual and multiple substance use (Table 3 ). Figure 1 shows annual trends in the use of any two substances, which decreased significantly.
Demographic risk factors and differences in trends
Along with annual trends in substance use, Table 3 shows the association between demographic risk factors and individual and multiple risk behaviour.
Gender A significant effect of gender was found for all three types of substance use. Males were more likely to be risky drinkers Subgroup counts may not add up to yearly totals due to missing data. and regular illicit drug users, whereas females had higher rates of prevalence for regular smoking. However, for concurrent use of any two substances, smoking and risky drinking and all three substances, females had a significantly higher prevalence than males, with increased odds of 29, 59 and 22%, respectively. Significant gender differences were not detected for concurrent smoking and drug use and concurrent drinking and drug use. There were also differences in trends over time by gender, with significantly steeper decreases for males for smoking [odds ratio (OR): 1.02, 95% confidence interval (CI): 1.00, 1.04] and for drug use (OR: 1.03, 95% CI: 1.00, 1.06), but no significant gender differences in annual trends for risky drinking and any form of multiple substance use. Ethnicity For all forms of individual substance use, white young people were more likely to be substance users than mixed, Asian, black or 'other' ethnicities with the exception of illicit drug use where differences between white and mixed ethnicity adolescents were only marginally significant (P ¼ .06). 
TRENDS IN MULTIPLE SUBSTANCE USE

Significant ORs ranged between 0.86 and 0.95. White young people had a higher prevalence of concurrent regular smoking and risky drinking, and concurrent use of any two substances than all other ethnicities. They also had higher prevalences of concurrent drinking and illicit drug use, smoking and illicit drug use, and use of all three substances than Asian, black and 'other' ethnicities, but there were no differences between white and mixed race young people. Some ethnic differences in trends over time were also detected. In all cases, decreases in substance use were higher for non-white young people. 
Deprivation
Those eligible for free school meals had a 73% higher prevalence of smoking and 30% higher for illicit drug use, but no differences were found for risky drinking. For all types of concurrent substance use, free school meal status was a significant risk factor with increased odds of between 22 and 55%. Annual declines in smoking are also significantly slower for deprived young people (OR: 1.03, 95% CI: 1.00, 1.06), but not for risky drinking and illicit drug use. For multiple substance use, differences in trends were only found for concurrent smoking and risky drinking with slower declines in deprived young people (OR: 1.07, 95% CI: 1.04, 1.11).
Discussion Main findings of this study
We found smoking, risky drinking and illicit drug use to be strongly associated amongst English 14-15 year olds. Multiple substance use declined significantly over the period surveyed, largely in proportion to decreases in individual substance use. White young people are more likely to be involved in all types of individual and multiple substance use. We found that males are more likely to use alcohol in risky ways and use illicit drugs but females are more likely to smoke. Further, females were more likely to be involved in multiple substance use. We found deprivation was associated with increased risk of smoking, illicit drug use and all types of multiple substance use. Our results suggest that deprived adolescents have experienced slower declines in concurrent smoking and drinking.
What is already known on this topic
Past research has identified strong links between smoking, drinking and drug use. The strengths of associations between risk behaviours in this study are largely in line with past research. 11, 12, 22 The risk factors found for smoking, drinking and drug use are also consistent with the literature. 13, 14, 23 These common risk factors may partially explain associations between risk behaviours. In the UK, prevalence rates of adolescent substance use appear to have peaked in the late 1990s as seen in this study and others over the same period. 8, 24 This is largely in line with trends in other Western countries, with decreases in most types of substances decreasing since the early 2000s in most European and North American countries. 25 
What this study adds
This study allows for a comparison of trends and risk factors between individual and multiple risk behaviour. The findings show that the prevalence of multiple substance use has decreased in proportion to decreases seen for individual substance use. Past studies suggest that adolescents involved in multiple risk behaviours use more heavily and are at risk for a number of negative outcomes including substance use and addiction. Due to these qualitative differences between multiple risk-takers and other adolescent risk-takers, it is unwise to assume that trends in substance use will apply equally across both groups. Likewise, due to evidence that young people involved in substance use behaviours are using these substances in increasingly risky ways 8 it is worth pursuing whether this propensity for greater risk behaviour is also leading to an increase in substance co-occurrence, despite drops in the prevalence for each substance type. Fortunately, our results suggest that this is not the case.
Likewise, this study allows for a comparison between the risk factors for individual and multiple substance use. Our findings confirmed the expectation, based on past research, that multiple risk behaviour arises partially due to common risk factors for all types of substance use and multiple substance use. One exception to this in our data was alcohol use among deprived adolescents. Despite a reduced propensity for risky alcohol use, deprived young people are more likely to be involved in multiple substance use. Explanations for associations between deprivation and reduced alcohol use hinge on the availability of alcohol: deprived adolescents may come into contact less with alcohol or may not have the resources to obtain it. 26 However, deprived adolescents with access to other substances may also have access to alcohol; there is evidence that substance use leads to exposure to and the opportunity to use others. 15 The fact that deprived adolescents are more likely to concurrently use tobacco and alcohol despite a decreased risk for alcohol use suggests that the lack of availability of alcohol masks psychological risk factors for adolescent drinking.
Females were at increased risk for multiple substance use despite being less likely to drink regularly and use drugs. Some explanation for this may arise from the fact that smoking in females is much more prevalent than for males and the link between smoking and drinking is much stronger for females. In other words, females are more likely to smoke and female smokers are more likely to also be drinkers. 22, 27 These results have implications for prevention strategies. Interventions targeting only one form of substance use, if effective, should also naturally lead to some reductions in multiple substance use. The decreases seen in the current study may be partly attributable to the successful implementation of policies to reduce substance use in the UK. 28 However, the results suggest there is a place for interventions targeting multiple substance use. First, the associations between substance use are strong and co-occurrence is common. Secondly, certain groups, such as females and deprived young people, are at increased risk for concurrent substance use and interventions focused on these groups are warranted. The fact that decreases in both individual and multiple substance use have been slower in at-risk groups suggest that tailored interventions are needed for these groups to alleviate growing health inequalities between them.
Limitations of this study
There are several limitations to the data. The small sample size within certain ethnic groups makes it difficult to draw firm conclusions about rates of substance use in these groups. Outcome data are restricted to self-report of substance use which may threaten the validity of the findings. 29 Also, there are drawbacks to using FSM eligibility as a marker for deprivation; despite the frequency of its use, it is not a perfect proxy for the most deprived portion of the population. 20 Future research is needed to investigate pathways between individual substance and multiple substance use. Though the current work provides evidence that co-occurring substance use is partially caused by common risk factors, other causal factors, such as gateway effects, are likely influential; exploration of the mechanisms and causal pathway for multiple substance use is required. Further work should examine the associations of multiple substance use with other adolescent risk behaviours, e.g. sexual risk 12 and delinquency and aggression.
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Conclusions
Multiple substance use in the UK is decreasing alongside decreases in smoking, drinking and drugs in young people. The use of different substances is strongly associated and individual and multiple substance use largely share common demographic risk factors related to deprivation, gender and ethnicity, though female gender and deprivation are clearly associated with increased risk only for multiple substance use which has implications for the development of interventions. These findings affirm the importance of continued prevention efforts targeting individual substance use as well as the relevance for interventions which target multiple substance use.
